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Biogas can be considered as a globally significant source of renewable energy that is produced by anaerobic fermentation of biological materials (Haitl et al. 2012; Fodora et al. 2013) . At Slovak University of Agriculture in Nitra, a modern device for production of biogas from agricultural materials was developed and has been successfully used (Gaduš et al. 2011; Janíček et al. 2012 ). Biogas composition is quite widely varied according to the type of used material. It depends also on the specifications of the country where the material was produced (Jablonický et al. 2013; Surendra et al. 2014; Zhang et al. 2015; Iglinski et al. 2015) . Therefore, determination of its parameters is a real challenge (Vitázek et al. 2009; Jandačka et al. 2011) . Authors of this article introduce a method that enables to calculate all the necessary thermodynamic and operating values of biogas composition by means of gas mixture thermodynamics and tabular exact parameters of individual gaseous components. In addition, a computing program for fast and accurate calculation of all required parameters was designed.
MATERIAL AND METHODS
Identification of the system. Simple diagram of combustion device for combustion of gaseous fuel with excess air was developed. It indicates the movement of mass and energy. To analyse the process, the following aspects were considered: -thermodynamics of ideal gases; -thermodynamics of ideal gases mixtures; -thermodynamics of moist air (moist gas); -tables of actual specific enthalpy and individual gases and linear regression of these values. All analyses and calculations were performed for identical weight of gases (1 kg), since these re-doi: 10.17221/34/2016-RAE lationships are the simplest. Fig. 1 shows the diagram of mass and energy movement during biogas combustion with excess air in combustion device at constant pressure. Fig. 2 shows the course of substance changes during the process of hot mixture production in i-x diagram of moist air (moist gas). The combustion of biogas and production of hot exhaust mixture is being analysed as three individually gradually running actions at constant pressure.
The points: 0 -the state of atmospheric air serving as combustion air; 1 -combustion mixture m 1 as a mixture of stoichiometric mass of combustion air and biogas; 2 -the state of stoichiometric hot exhaust m 2 ; 3 -the final state of hot exhaust mixture, which is produced by mixing of stoichiometric exhaust m 2 (2) and the excess of combustion air m p (0). The actions: 0-1 -shows the process of combustion mixture production at constant temperature and pressure; 1-2 -shows the biogas combustion at constant pressure, but it does not show it thermodynamically, because the composition of mixture of gases considerably varies; 2-3, 0-3 -shows the production of hot exhaust mixture (3) resulting from mixing of stoichiometric exhausts (2) and excess of air (0);
The methodology of calculation. Biogas is a mixture of several gases. Biogas composition is expressed by the volume parts x vi that are numerically equal to the molar parts x i . Molar weight of mixture M is calculated:
where: m -weight of the mixture (kg); n -amount of component of the mixture; x i -molar fraction of component; M i -molar weight of component
Universal gas constant of mixture r is calculated:
where: R m -molar gas constant; M -molar weight of the mixture
The mass part of individual gas components σ i is calculated from x i value:
where: m i -weight of the component (kg); m -weight of the mixture (kg)
Heating power of biogas Q n , based on 1 kg of the mixture is calculated:
where: σ i -mass part of particular component; Q ni -heating power of the component
The density of biogas ρ BG at basic conditions (t = 15°C (288.15 K), p = 101.325 kPa) is calculated by the equation of state for an ideal gas:
where: v -specific volume of the mixture, T -thermodynamic temperature
The heating power of biogas Q n , based on 1 m 3 of mixture at basic conditions is calculated:
Relative density -the density of biogas d is calculated as the ratio of gas density ρ BG and density of atmospheric air ρ a at basic conditions: 
Biogas. Biogas is produced from raw materials by anaerobic bacteria activity without excess air. Biogas composition depends on the raw materials. The literature presents several different compositions of biogas. According to Trávníček et al. (2015) , the composition of biogas is in % of volume as follows:
Essential part of the weight of biogas is formed by methane CH 4 and carbon dioxide CO 2 . Other gases are present in such small quantities that are not relevant for the calculations. Therefore, model calculations for the composition of biogas only with methane and carbon dioxide composition were performed. In order to provide sufficient amount of data, the calculated values of minimum and maximum state of methane are presented.
Poor biogas: 
Enthalpy of the hot exhaust gases m 2 :
where: η h -efficiency of the burner (includes all the losses during combustion)
Final mixture
The final gas mixture m 3 is a mixture of ideal exhaust gases m 2 and additional atmospheric air m p . The total mass of intake air is as follows:
where: m ps -weight of dry portion of additional air
The excess air coefficient α is as follows: 
total weight
specific humidity
Chemical composition of m 3 :
The molar mass M 3 :
where: m 3C -total weight of the mixture; m 3i -weight of the component; M i -molar weight of the component; σ i -weight proportion of the component Universal gas constant r 3 :
Enthalpy of the mixture m 3 :
where: x 0 -specific humidity of atmospheric air; t 0 -temperature of air
The temperature t 3 is calculated using the equation for i 3 . The real enthalpies of individual gases are listed by the Ražnievič tables as follows (if t = 0°C so i = 0). Linear regression for temperature section from 1,600 to 2,400°C is used. 
After modification:
From this, it is possible to determine the temperature t 3 :
RESULTS AND DISCUSSION
Using the presented methodology, there is an example of thermodynamic parameters of biogas, whose composition equals to the average value for basic state (t = 15 o C, p = 101.325 kPa). production when using modified biogas in combustion engines. The presented method enables calculation of all the necessary thermodynamic and operating values of biogas with particular composition by means of gas mixture thermodynamics and tabular exact parameters of individual gaseous components. Entering of input values enables to distinguish the composition of exhaust gases for the particular devices (e.g. spark ignition engines, micro turbines, gas burners in boilers etc.). Our results correspond with the authors mentioned above.
CONCLUSION
Biogas is produced from different materials even at the same device. Accordingly, its composition varies. Available literature indicates that it varies in a considerable extent. Therefore, it is not easy to determine the parameters of biogas. Biogas and its exhaust create a mixture of six different gases and the composition of the mixture changes substantially during combustion. Therefore, identification of individual composition is challenging. All exhaust components from biogas with an increase of temperature, will increase its specific heat capacity. In this article, linear regression for selected temperature section from accurate tables was used, while all formulas showed a correlation coefficient higher than 0.999. Elaborated computing program enables the calculation of all parameters according to this methodology without its detailed knowledge. It is necessary to specify the content of the main components of biogas. Direct usage of biogas is not possible because of various impurities that have to be removed -water vapour, carbon dioxide, hydrogen sulphide, oxygen, nitrogen, hydrocarbons, halogen derivatives of hydrocarbons, silicon or organosilicon compounds. This may increase the cost for the utilization of biogas.
